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(57) ABSTRACT 

A color image of a circuit board is divided into respective 
color regions. Plural representative colors are set, and angle 
indices and distance indices are calculated for each pixel 
color in the color image in a predetermined color space. The 
angle indices for a particular pixel color represent angles 
betWeen an individual color vector representing the particu 
lar pixel color and plural representative color vectors of the 
plural representative colors. The distance indices for a 
particular pixel color represent distances betWeen the par 
ticular pixel color and the plural representative colors. 
Composite distance indices are then calculated for each 
pixel color in the color image, based on the distance indices 
and the angle indices. Each pixel in the color image is 
classi?ed into plural representative color regions associated 
With the plural representative colors according to the com 
posite distance indices, thereby dividing the image region of 
the color image into the plural representative color regions. 
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Fig . 2 
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Fig.3 
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Fig.4 
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Fig. 7 
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REGION SEGMENTATION OF COLOR IMAGE 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique for 
dividing an image region of a color image according to 
colors. 

[0003] 2. Description of the Related Art 

[0004] It is sometimes desired to divide an image region of 
a color image in order to selectively process a desired region 
of a speci?c color. FIGS. 10A and 10B illustrate conven 
tional region dividing (also referred to as “region segmen 
tation”). Initially in this method, colors of respective objects 
in a color picture are speci?ed as a plurality of representative 
colors. Distances betWeen each piXel color in the color 
image and the plural representative colors are then calcu 
lated in the RGB color space. Each piXel is then categoriZed 
into a cluster around a representative color that provides the 
smallest distance. The term “cluster” refers to a group of 
plural colors associated With one representative color. In this 
speci?cation, process for categoriZing an arbitrary color into 
one of the plural representative colors is also referred to as 
“clustering”. 

[0005] FIG. 10A illustrates the result of an appropriate 
clustering process. In this ?gure, a horiZontal aXis indicates 
R (red) component and a vertical aXis indicates B (blue) 
component. Color of each piXel is represented in the three 
dimensional RGB space in actual cases, but a tWo-dimen 
sional space is used herein for convenience of illustration. 
Black dots represent colors of piXels (also referred to as 
“individual colors”) in the color image, and larger open 
circles represent representative colors of respective objects. 
It is appreciated from the eXample of FIG. 10A that all piXel 
colors are appropriately grouped into objects 1-4. 

[0006] Even if an object in a color image has uniform 
original color, the brightness values of piXel colors of the 
object may shoW a considerable dispersion depending on the 
illumination on the object. Speci?cally, colors With higher 
brightness are plotted distant from the origin of the RGB 
color space, and colors With loWer brightness are plotted 
close to the origin. In such cases, dots representing piXel 
colors of the object Will disperse in a Wide range around a 
direction of the color vector that represents the original color 
of the object. 

[0007] FIG. 10B illustrates the clustering result Where 
piXel colors of object 1 and object 2 are dispersed in a Wide 
range around the directions that connect their representative 
colors With the origin O, respectively. In this ?gure, dashed 
lines represent appropriate grouping of piXel dots, and solid 
lines represent inappropriate grouping actually performed. 

[0008] Conventional techniques for region segmentation 
sometimes mistakenly recogniZe piXel colors that originally 
belong to a same object of a same color as colors of different 
objects because of their brightness dispersion. Such problem 
is particularly signi?cant in region segmentation of a color 
picture of actual objects, as Well as in region segmentation 
of a color image other than color picture. 
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SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention is to 
provide a technique that can divide a color image into 
appropriate color regions according to colors With less 
errors. 

[0010] According to one aspect of the present invention, a 
color image is divided into appropriate color regions accord 
ing to colors. Plural representative colors are set, and angle 
indices and distance indices are calculated for each piXel 
color in the color image in a predetermined color space of at 
least tWo dimensions. The angle indices for a particular piXel 
color represent angles betWeen an individual color vector 
representing the particular piXel color and plural represen 
tative color vectors of the plural representative colors. The 
distance indices for a particular piXel color represent dis 
tances betWeen the particular piXel color and the plural 
representative colors. Composite distance indices are then 
calculated for each piXel color in the color image, based on 
the distance indices and the angle indices. Each piXel in the 
color image is classi?ed into plural representative color 
regions associated With the plural representative colors 
according to the composite distance indices, thereby divid 
ing the image region of the color image into the plural 
representative color regions. 

[0011] Since the region dividing is eXecuted by using both 
the angle indices and the distance indices, the color image 
can be divided into appropriate regions according to colors 
With less errors than the conventional techniques. 

[0012] In another aspect of the present invention, the 
composite indices are calculated for each arbitrary indi 
vidual color in the color space. The correspondence betWeen 
each arbitrary individual color and the plurality of repre 
sentative colors are obtained in advance to form a lookup 
table storing the correspondence. Pixels in the color image 
are classi?ed into plural representative color regions With 
the aid of the lookup table. 

[0013] The present invention can be implemented in vari 
ous embodiments, such as a method and an apparatus for 
dividing a color image region, a method and an apparatus for 
generating a mask by using the results of the region dividing, 
a method and an apparatus for inspecting a circuit board,a 
method and an apparatus for generating a lookup table to be 
used for the region dividing of a color image, a computer 
program for implementing the functions of these various 
methods or apparatuses, a computer program product or a 
recording medium having the computer program stored 
thereon, and data signals embodied in a carrier Wave includ 
ing the computer program. 

[0014] These and other objects, features, aspects, and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
preferred embodiments With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs the con?guration of a printed circuit 
board inspection apparatus as one embodiment of the 
present invention. 

[0016] FIG. 2 shoWs a color image of a printed circuit 
board PCB. 
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[0017] FIG. 3 is a How chart showing the procedures of 
region segmentation employed in the embodiments. 

[0018] 
[0019] FIG. 5 is a ?owchart shoWing the detailed proce 
dures of step S4 in FIG. 3. 

[0020] FIG. 6A and 6B shoW a color normaliZation pro 
cess employed in the ?rst embodiment. 

[0021] FIG. 7 shoWs the distribution of individual colors 
that are grouped into four representative color clusters. 

[0022] FIG. 8 shoWs plural divided regions. 

[0023] FIG. 9A and 9B shoW a color normaliZation pro 
cess employed in a second embodiment. 

[0024] FIG. 10A and 10B shoW the result of conventional 
region segmentation. 

FIG. 4 shoWs the setting of representative colors. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] Modes of implementation of the present invention 
are described beloW based on embodiments in the folloWing 
order. 

[0026] 
[0027] 
[0028] 
[0029] 

[0030] FIG. 1 shoWs the structure of a printed circuit 
board inspection apparatus as one embodiment of the 
present invention. The apparatus 100 comprises a light 
source 20 for illuminating a printed circuit board PCB, a 
camera unit for capturing an image of the printed circuit 
board PCB, and a computer 40 for controlling the entire 
apparatus. The computer 40 is connected With an eXternal 
storage device 50 for storing various data and computer 
programs. 

A. First embodiment 

B. Second embodiment 

C. Modi?cations 

A. First embodiment 

[0031] The computer 40 has functions of a representative 
color setter 110, a pre-processor 120, a composite distance 
processor 130, a color region divider 140, a post-processor 
150, and an inspection processor 160. These various func 
tions are implemented With the computer 40 by executing 
computer programs stored in the eXternal storage device 50. 
As can be appreciated from the folloWing description, the 
composite distance processor 130 also functions as an angle 
indeX calculator and a distance indeX calculator. 

[0032] FIG. 2 shoWs a color image of a printed circuit 
board PCB. The surface of the PCB contains a ?rst green 
region GI of a board base coated With resist, a second green 
region G2 of copper Wirings coated With resist, a gold region 
GL plated With gold, a broWn region BR of a board base, and 
a White region WH of a board base printed With White 
characters. Since the board base underlying the ?rst green 
region GI is broWn, and the copper Wirings underlying the 
second green region G2 is of copper color, the colors of 
these tWo regions G1, G2 are both green but slightly 
different from each other. Accordingly, these tWo green 
regions G1, G2 are referred to as “a green region GR” 
altogether in this embodiment. In the process described in 
the folloWing, the tWo green regions G1, G2 are both 
considered as a green region GR. 
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[0033] FIG. 3 is a ?oWchart shoWing the procedures of 
region segmentation in a ?rst embodiment. At step S1, a 
color image (FIG. 2) of the printed circuit board PCB is 
captured by the camera unit 30. If the image data has been 
captured in advance, the image data is read from the eXternal 
storage device 50 at step S1. 

[0034] At step S2, a user observes the color image dis 
played on a display of the computer 40, and sets a plurality 
of representative colors by using a pointing device such as 
mouse. At this time, the representative color setter 110 
displays on the display of the computer 40, a predetermined 
dialog boX for the setting process of representative colors, 
thereby alloWing the user to set representative colors. 

[0035] FIG. 4 shoWs the process of setting representative 
colors. The user inputs the names of the four regions 
GR(G1+G2), GL, BR, WH (e.g., “resist region”, “gold plate 
region” and such) into the dialog boX on the display, and 
speci?es sample points (indicated by asterisks) on the color 
image for obtaining representative colors of each region. At 
least one sample point is speci?ed for each region. If more 
than one sample points are speci?ed for one region, the 
average color of the sample points is employed as the 
representative color of the region. 

[0036] The user further speci?es Whether or not each 
region is to be united With other region. In the eXample 
shoWn in FIG. 4, a green region GR is speci?ed to make up 
a ?rst divided region DR1 by itself. A gold region GL and 
a broWn region BR are speci?ed to unite together to make up 
a divided region DR2, and a White region WH is speci?ed to 
make up a third divided region DR3 by itself. The repre 
sentative color setter 110 obtains and registers RGB com 
ponents of the representative colors of the four regions GR, 
GL, BR, and WH. Generally, N representative colors are 
registered Where N is an integer of 2 or more. 

[0037] At step S3 (FIG. 3), the pre-processor 120 (FIG. 1) 
performs smoothing process (blurring process) on a color 
image targeted for processing. Various smoothing ?lters 
such as median ?lter, gauss ?lter, moving average may be 
used in the smoothing process. By performing the smooth 
ing process, anomalous piXels can be removed from the 
image data, thereby obtaining an image data With less noise. 
The pre-processing may be omitted. 

[0038] At step S4, the composite distance processor 130 
calculates composite distance indices for each piXel color in 
the color image (referred to as “individual color”) With 
respect to the plural representative colors, and classi?es each 
individual color into one of the representative color clusters. 
FIG. 5 is a ?oWchart shoWing the detailed procedures of 
step S4. At step S11, representative color vectors of N 
representative colors (n is an integer of 2 or more) and 
individual color vectors of individual colors in the color 
image are normaliZed. The normaliZation of the representa 
tive color vectors is performed according to the folloWing 
equations (1a)-(1d). 

[0039] HoWever, if Lref(i)=0, 
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[0040] Rref(i), Gref(i), and Bref(i) denote R-, G-, and 
B-components of an i-th (i=1~n) representative color, 
respectively. Rvref(i), Gvref(i), and Bvref(i) denote normal 
iZed R-, G-, and B-components, respectively. In the equation 
(1a), three color components Rref(i), Gref(i), and Bref(i) are 
summed together to obtain a value Lref(i) that is to be used 
for the normaliZation, and each color component is then 
normaliZed by the normaliZation value Lref(i) in equations 
(1b)-(1c). 
[0041] FIG. 6A and 6B shoW a color normaliZation pro 
cess according to the equations (1a)-(1d). There are plotted 
an open circle representing a representative color, and black 
dots representing individual colors in the tWo-dimensional 
color space of R and B components. The equations (1a)-(1d) 
means that the representative color vectors are normaliZed 
onto a plane PL de?ned by the equation: R+G+B=1. HoW 
ever, if the representative color is perfectly black (if Lref(i)= 
0), each of the normaliZed color components Rvref(i), 
Gvref(i), and Bvref(i) is set to 1/3 instead of using the 
equations (1b) -(1d). This is to prevent the right sides of the 
equations (1b)-(1d) from reaching in?nite. 

[0042] Similar to the representative colors, the individual 
color vectors of piXels are also normaliZed according to the 
folloWing equations (2a)-(2d). 

[0044] In these equations, j denotes an ordinal number for 
identifying each piXel in a color image. 

[0045] In FIG. 6B, the individual colors seem to be 
dispersing around the plane PL even after the normaliZation, 
but this is because of the three-dimensional space is 
observed from a tWo-dimensional vieW. In fact all the 
normaliZed individual colors sit on the plane PL. 

[0046] At step S12 of FIG. 5, an angle indeX V(i, for i-th 
representative color vector and j-th individual color vector is 
calculated according to the folloWing equation (3a) or (3b), 
With respect to N representative color vectors and individual 
color vectors of individual pixels. 

V(i, j)=k1*{|Rvref(i)—Rv(j)|+|Gvref(i)-Gv(j)|+ 
|Bvref(i)-Bv(i)|} (3a) 
V(i, _ j)=k1_*[iRvref(i)-Rv(j)}2+{Gvref(i)—Gv(j)}2+ 
{Bvref(l)-Bv(l)} ] (3b) 

[0047] The ?rst term in the parenthesis on the right hand 
side of the equation (3a) denotes an absolute value of a 
difference betWeen the normaliZed R component Rvref(i) of 
an i-th representative color and the normaliZed R component 
Rv(j) of an individual color of a j-th piXel. The second term 
and the third term denote corresponding G component and 
B component, respectively. Furthermore, kl is a predeter 
mined non-Zero coefficient. Accordingly, the right hand side 
of the equation (3a) correlates closely With a distance 
betWeen the normaliZed representative color and the nor 
maliZed individual color on the plain PL. The equation (3b) 
employs squares of the differences instead of absolute values 
of the differences, and directly provides a distance betWeen 
the normaliZed representative color and the normaliZed 
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individual color. An angle betWeen a representative color 
vector and an individual color vector tends to get smaller as 
the distance betWeen the corresponding representative color 
and the individual color on the plane PL gets shorter. The 
value V(i, given by the equation (3a) or (3b) depends on 
the distance betWeen the representative color and the indi 
vidual color on the plane PL, and correlates closely With the 
angle betWeen the corresponding representative color vector 
and individual color vector. Therefore in the present embodi 
ment, the value V(i, given by the equation (3a) or (3b) is 
used as an angle indeX substantially representing an angle 
betWeen a representative color vector and an individual 
color vector. 

[0048] As can be appreciated from the equations (3a), 
(3b), the angle indeX V(i ,j) may be a value given by another 
equation other than (3a), (3b), as long as it substantially 
represents an angle betWeen a representative color vector 
and an individual color vector in the color space. 

[0049] If the coefficient k1 is 1, the angle indeX V(i ,j) 
takes a value from 0 to 2. The angle indeX V(i ,j) is 
calculated for every combination of the individual color 
vector of each piXel and N representative color vectors. 

[0050] At step S13, a distance indeX D(i, for i-th 
representative color vector and j-th individual color vector is 
calculated according to the folloWing equation (4a) or (4b). 

D . . (l, 1) k2 

D. .2 (1,1) M 

[0051] The ?rst term in the parenthesis on the right hand 
side of the equation (4a) is an absolute value of a difference 
betWeen an R component Rref(i) of an i-th representative 
color before normaliZation and an R component of an 
individual color of a j-th piXel before normaliZation. The 
second term and the third term are the corresponding G 
component and B component, respectively. Additionally, k2 
is a predetermined non-Zero coefficient. The equation (4b) 
employs square roots of a sum of squares of differences 
instead of absolute values of the differences. Unlike the 
above equations (3a), (3b), the un-normaliZed values Rref(i), 

are used in the equations (4a), (4b). The right hand side 
of the equation (4a) or (4b) accordingly provides a value 
corresponding to a distance betWeen a representative color 
and an individual color that are not normaliZed. Accordingly, 
in the present embodiment, the value D(i, provided by the 
equation (4a) or (4b) is used as a distance indeX that 
substantially represents a distance betWeen a representative 
color and an individual color. 

[0052] As can be appreciated from the equations (4a), 
(4b), the distance indeX D(i ,j) may be any value given by 
another equation other than (4a), (4b), as long as it substan 
tially represents a distance betWeen a representative color 
and an individual color in the color space. 

[0053] If each color component is 8 bit data and the 
coef?cient k2 is 1, the distance indeX D(i ,j) takes a value 
from 0 to 765. The distance indeX D(i ,j) is calculated for 
every combination of the individual color vector of each 
piXel and N representative color vectors. 
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[0054] At step S14, a composite distance index C(i ,j) for 
i-th representative color vector and j-th individual color 
vector is calculated according to the following equations 
(5a) or (5b). 

[0055] In the equation (5a), the sum of the angle index V(i 
,j) and the distance index D(i ,j) is employed as the com 
posite distance index C(i ,j). In the equation (5b), the product 
of the angle index V(i ,j) and the distance index D(i ,j) is 
employed as the composite distance index C(i ,j). Accord 
ingly, the composite distance index C(i ,j) given by the 
equation (5a) or (5b) tends to get smaller as an angle 
betWeen an individual color vector of a j-th pixel and an i-th 
representative color vector gets smaller and as a distance 
betWeen the corresponding individual color and the repre 
sentative color in the color space gets smaller. 

[0056] After the composite distance indices C(i ,j) regard 
ing the plural representative colors are calculated for each 
pixel color, each individual pixel color is classi?ed into one 
of the representative color clusters that provides the smallest 
composite distance index C(i ,j), at step S15. The term 
“cluster” refers to a group of colors associated With one 
representative color. Since N composite distance indices C(i 
,j) are obtained for N representative colors for every pixel, 
the individual color of each pixel is classi?ed into a repre 
sentative color cluster that provides the smallest one among 
the N composite distance indices. 

[0057] FIG. 7 shoWs the distribution of individual colors 
classi?ed into four representative color clusters. As 
explained With FIG. 4, four representative colors corre 
sponding to four color regions, green region GR, gold region 
GL, broWn region BR, and White region WH, are set at step 
S2 (FIG. 2). Therefore, in FIG. 7, individual pixel colors are 
grouped into the representative color clusters CLGR, CLGL, 
CLBR, and CIWH corresponding to these four colors. In this 
?gure, distances are small betWeen dark individual colors in 
the gold cluster CLGL (the colors proximate to the origin of 
the three-dimensional space) and dark individual colors in 
the broWn cluster CLBR. HoWever, since the above-de 
scribed composite distance indices C(i ,j) are used in the 
classi?cation or grouping of individual colors in the present 
embodiment, each of the individual pixel colors is classi?ed 
into one of the representative color clusters such that the 
individual color and the representative color have a small 
distance betWeen them and also have a small angle betWeen 
their vectors. Accordingly, it is unlikely that the inappropri 
ate clustering shoWn in FIG. 10B and described in the 
background of the invention is performed, but more appro 
priate clustering is possible. 

[0058] In this Way, after each individual pixel color has 
been classi?ed into one of the representative color clusters, 
the color region divider 140 then divides the image region 
according to the classi?cation of the pixels at step S5 in FIG. 
3. For example, the image region is divided by allocating 
speci?c numbers (representative color numbers) to the pix 
els of each cluster. Speci?cally, pixel values 0, 1, 2, and 3 are 
allocated to clusters CLGR, CLGL, CLBR, CLWH in FIG. 7, 
respectively, for example. In the folloWing description, a 
region allocated With a same representative color number at 
step S5 is referred to as “a representative color region.” 
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[0059] At step S6, the color region divider 140 unites the 
representative color regions if required. In the present 
embodiment, the gold region GL and the broWn region BR 
are speci?ed to be united together at step S2, as described 
With FIG. 4. These regions GL, BR are united together to 
form a second divided region DR2 at step S5. 

[0060] FIG. 8 shoWs the united divided regions displayed 
on the display of the computer 40. The ?rst to third divided 
regions DR1-DR3 are displayed With different colors or 
patterns according to their representative color numbers, 
respectively. It is previously set by the user hoW each 
divided region Will be ?lled on the display according to the 
representative color number. Alternatively, the color region 
divider 140 may automatically determine the relationship 
betWeen each representative color number and the displayed 
color. As can be appreciated from this example, in the ?rst 
embodiment, a color image is ?rst divided into a plurality of 
representative color regions and some of the representative 
color regions are then united together if required. By 
employing such process, regions With different colors can be 
advantageously united into one divided region according to 
a user’s request. 

[0061] After the image region of the color image is 
divided into plural divided regions, the post-processor 150 
performs post-processing at step S7 in FIG. 3. The post 
processing includes a process of noise removal including a 
choking process (contraction process) of each region and its 
spreading process (expansion process). The noise removal is 
attained by executing the choking process With a predeter 
mined pixel Width and then the spreading process With the 
same pixel Width for the pixels in a target divided region. 
Other divided regions can also be applied With the choking 
and spreading processes. Such post-processing is capable of 
removing small regions or noises called pin holes. 

[0062] As described above, in the ?rst embodiment, the 
composite distance index C(i, ix calculated based on the 
distance index that substantially represents a distance 
betWeen each individual pixel color and a representative 
color and on the angle index that substantially represents an 
angle betWeen each individual color vector and a represen 
tative color vector, and then each individual pixel color is 
classi?ed into one of representative color regions that pro 
vides the smallest C(i, Accordingly, it is possible to 
classify pixels With a same original color into a same 
representative color region even if they have signi?cantly 
different values of brightness. As a result, regions can be 
divided more appropriately than in the conventional tech 
niques. 

[0063] The inspection processor 160 of the printed circuit 
board inspection apparatus 100 (FIG. 1) compares a refer 
ence image of a reference printed circuit board PCB With no 
defects and a inspection image of a printed circuit board 
targeted for defect inspection, and to detect speci?c differ 
ences therebetWeen as defects of the target PCB. It is 
possible to execute the inspection only on the regions (e.g., 
gold plate regions) selected by the user as inspection targets, 
or only on the regions not selected by the user. 

[0064] B. Second Embodiment 

[0065] A second embodiment of the present invention is 
similar to the ?rst embodiment, except for the method for 
calculating the composite distance index C(i ,j). 
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[0066] In the second embodiment, the normalization of 
individual colors and representative colors is performed by 
using the following equations (6a)-(6d) and (7a)-(7d) instead 
of the above equations (1a)-(1d) and (2a)-(2d). 

[0070] FIG. 9A and 9B shoW a color normaliZation pro 
cess employed in the second embodiment. The equations 
(6a)-(6d) and (7a)-(7d) implies that individual colors and 
representative colors are normaliZed onto dots on a spherical 
surface of a radius 1. HoWever, if the representative color is 
perfectly black (if Lref(i)=0), each of the normaliZed color 
components Rvref(i), Gvref(i), and Bvref(i) is set to 1V3. 

[0071] By normalizing representative colors and indi 
vidual colors onto dots on a spherical surface SP of radius 
1, the second embodiment can attain substantially the same 
effects attained as the ?rst embodiment. The color normal 
iZation is intended to facilitate the operations for obtaining 
angles betWeen each individual color vector and the repre 
sentative color vectors. Accordingly, if other methods are 
employed to obtain angles betWeen vectors, such as a 
method using inner products of vectors, such normaliZation 
is not required. HoWever, operation speeds can be advanta 
geously improved by performing color normaliZation stated 
above. 

[0072] C. Modi?cations 

[0073] C1. Modi?cation 1 

[0074] Although the RGB space has been employed as a 
color space in the above embodiments, other various color 
spaces are also applicable to the present invention. For 
example, three-dimensional color space such as L*a*b*, and 
tWo-dimensional color space de?ned by tWo basic colors are 
also applicable. In other Words, any color space of tWo or 
more dimensions is generally applicable to the present 
invention. 

[0075] C2. Modi?cation 2 

[0076] In region dividing process, composite distance 
indices for the N representative colors may be calculated in 
advance With respect to arbitrary colors in the color space, 
and the calculation results may be formed into a lookup table 
LUT (FIG. 1), instead of actually calculating composite 
distance indices for each individual pixel color in the target 
color image. Alternatively, the correspondence betWeen 
arbitrary colors in the color space and plural representative 
colors may be determined and formed into a lookup table 
LUT. In these cases, the composite distance processor 130 
functions as a lookup table generator. In the actual region 
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dividing process, the composite distance processor 140 
makes reference to the lookup table LUT, so that the region 
dividing or region segmentation can be performed With high 
speed. This advantage is particularly signi?cant Whenthe 
target color image is of a large siZe or a plurality of target 
color images are processed. For example, if a lookup table 
LUT is employed in the printed circuit board inspection 
apparatus 100, not only the reference image but also the 
target image or inspection image can also be divided into 
color regions by making reference to the lookup table LUT. 

[0077] It is preferable that the lookup table LUT has any 
arbitrary color in the color space as input and a representa 
tive color number representing one of plural representative 
colors as output. These representative color numbers do not 
represent color components such as RGB pixel values, but 
represent identi?cation numbers discriminable from one 
another, such as 0, 1, and 2. 

[0078] In order to reduce the capacity of the lookup table 
LUT, one or more loWer bits may be omitted from plural bits 
of each input color data (pixel value data). In this case, 
colors With same bits except for the omitted loWer bits Will 
be considered as a same color and Will be related With a same 
representative color. The preparation time of the lookup 
table LUT and the amount of data can thus be reduced 
dramatically. For an image supposed to have substantial 
amount of noise components, such as an image picked up by 
CCD camera, the region segmentation according to colors 
may possibly be performed With less errors by employing 
such lookup table LUT With reduced bit numbers. 

[0079] C3. Modi?cation 3 

[0080] If each color component of the image data is 
expressed in 8 bits, it is preferable to replace the normal 
iZation terms 1/Lref(i), l/(j) in the above equations (1b)-(1d) 
and (2b)-(2d) With 765/Lref(i), 765/L(j), respectively. This 
makes the range of each normaliZed color component to be 
from 0 to 255, and the subsequent operations may be 
performed With integers, thereby improving the operation 
speed of the softWare. The value of each normaliZed color 
component is set to 255 if Lref(i)=0 and L(j)=0. 

[0081] C4. Modi?cation 4 

[0082] The result of region segmentation may be output 
onto a display or a printed medium, or may be used for 
various applications. For example, an original color image 
may be displayed on the display device of the computer 40. 
When speci?ed an arbitrary location on the display by the 
user, the apparatus can make reference to the results of the 
image region segmentation shoWn in FIG. 8, and notify the 
user of the divided region to Which the speci?ed location 
belongs. Speci?cally, When the user uses a mouse and clicks 
a location in a green region GR, a notice “this is resist” can 
be displayed. The user can thus be noti?ed of the corre 
spondence betWeen the original objects and arbitrary loca 
tions on the picture image displayed on the display device. 

[0083] At least one representative color region (or divided 
region) obtained by the region segmentation may be 
employed as a mask that represents a region targeted or not 
targeted for some image processing. For example, the ?rst 
divided region DRI shoWn in FIG. 8 may be used as a mask 
to selectively perform a predetermined image processing in 
the mask region. 
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[0084] C5. Modi?cation 5 

[0085] In the above embodiments, the color of the user 
speci?ed location on the targeted color image has been 
determined as a representative color, but other various 
methods may also be employed to set representative colors, 
such as those disclosed in Japanese Patents 2,896,319 and 
2,896,320, the disclosures of Which are hereby incorporated 
by reference for all purposes. For example, as disclosed in 
Japanese Patent 2,896,319, a histogram of the image may be 
prepared to determine a color of high frequency as a 
representative color. Alternatively, a color patch may be 
displayed to alloW the user to select a representative color 
among them, as disclosed in Japanese Patent 2,896,320. 

[0086] Although in the above embodiments a ?nal repre 
sentative color has been determined based on the color of the 
user-speci?ed location, it is also possible to re-calculate the 
representative color according to the cluster grouping results 
(FIG. 7) for the individual colors. That is, if the grouping 
result is obtained as shoWn in FIG. 7, the center of gravity 
of plural colors in each cluster (a group of colors that belong 
to a same representative color cluster) may then be deter 
mined as its representative color. The cluster grouping may 
then be performed once more by using this neW represen 
tative color. HoWever, as in the above embodiments, pro 
cessing speeds Will be greater by determining the ?nal 
representative color based on the color of the user-speci?ed 
location and then by performing the cluster grouping just 
once. 

[0087] C6. Modi?cation 6 

[0088] In each of the above embodiments, a black refer 
ence point has been employed as the origin of color vectors, 
but a White reference point may also be employed. For 
example, if region segmentation is desired to divide a 
printed matter containing plural single color gradations into 
plural regions printed With each ink, it may sometimes be 
preferable to set the origin of color vectors to a White 
reference point. 

[0089] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. Amethod for dividing an image region of a color image 

according to colors, comprising the steps of: 

(a) setting a plurality of representative colors; 

(b) calculating plural angle indices for each pixel color in 
the color image, the plural angle indices for a pixel 
color representing angles betWeen an individual color 
vector of the pixel color and representative color vec 
tors of the plurality of representative color vectors in a 
predetermined color space of at least tWo dimensions; 

(c) calculating plural distance indices for each pixel color 
in the color image, the plural distance indices for a 
pixel color representing distances betWeen the pixel 
color and the plural representative colors in the color 
space; 
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(d) calculating plural composite distance indices for each 
pixel color in the color image based on the distance 
indices and the angle indices, the plural composite 
distance indices being associated With the plurality of 
representative colors, respectively; and 

(e) classifying pixels in the color image into plural 
representative color regions associated With the plural 
representative colors, according to the composite dis 
tance indices, thereby dividing the image region of the 
color image into the plural representative color regions. 

2. A method in accordance With claim 1, Wherein each 
composite distance index includes a sum of an angle index 
and a corresponding distance index. 

3. A method in accordance With claim 1, Wherein each 
composite distance index includes a product of an angle 
index and a corresponding distance index. 

4. A method in accordance With claim 1, Wherein the step 
(e) includes the step of assigning each pixel to one of the 
plural representative color regions that gives a minimum 
value of the composite distance indices. 

5. Amethod for dividing an image region of a color image 
according to colors, comprising the steps of: 

(a) setting a plurality of representative colors; 

(b) calculating plural angle indices for each arbitrary 
individual color in the color space, the angle indices for 
an arbitrary individual color representing angles 
betWeen an individual color vector of the arbitrary 
individual color and representative color vectors of the 
plurality of representative colors in a predetermined 
color space of at least tWo dimensions; 

(c) calculating distance indices for each arbitrary indi 
vidual color in the color space, the distance indices for 
an arbitrary individual color representing distances 
betWeen the arbitrary individual color and the plural 
representative colors in the color space; 

(d) calculating composite distance indices for each arbi 
trary individual color in the color space based on the 
distance indices and the angle indices, the plural com 
posite distance indices being associated With the plu 
rality of representative colors, respectively; 

(e) relating each arbitrary individual color in the color 
space With one of the plural representative colors 
according to the composite distance indices, and pre 
paring a lookup table storing the correspondence 
betWeen each arbitrary individual color and the plural 
representative colors; and 

(f) classifying pixels in the color image into plural rep 
resentative color regions associated With the plural 
representative colors, With the aid of the lookup table, 
thereby dividing the image region of the color image 
into the plural representative color regions. 

6. A method in accordance With claim 5, Wherein each 
composite distance index includes a sum of an angle index 
and a corresponding distance index. 

7. A method in accordance With claim 5, Wherein each 
composite distance index includes a product of an angle 
index and a corresponding distance index. 

8. A method in accordance With claim 5, Wherein the step 
(e) includes the step of relating each arbitrary individual 
color to one of the plural representative colors that gives a 
minimum value of the composite distance indices. 
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9. An apparatus for dividing an image region of a color 
image according to colors, comprising: 

a representative color setter con?gured to set a plurality of 
representative colors; 

an angle index calculator con?gured to calculate plural 
angle indices for each pixel color in the color image, 
the plural angle indices for a pixel color representing 
angles betWeen an individual color vector of the pixel 
color and representative color vectors of the plurality of 
representative colors in a predetermined color space of 
at least tWo dimensions; 

a distance index calculator con?gured to calculate plural 
distance indices for each pixel color in the color image, 
the plural distance indices for a pixel color representing 
distances betWeen the pixel color and the plural repre 
sentative colors in the color space; 

a composite distance processor con?gured to calculate 
plural composite distance indices for each pixel color in 
the color image based on the distance indices and the 
angle indices, the plural composite distance indices 
being associated With the plurality of representative 
colors, respectively; and 

a color region divider con?gured to classify pixels in the 
color image into plural representative color regions 
associated With the plural representative colors accord 
ing to the composite distance indices, thereby dividing 
the image region of the color image into the plural 
representative color regions. 

10. An apparatus in accordance With claim 9, Wherein 
each composite distance index includes a sum of an angle 
index and a corresponding distance index. 

11. An apparatus in accordance With claim 9, Wherein 
each composite distance index includes a product of an 
angle index and a corresponding distance index. 

12. An apparatus in accordance With claim 9, Wherein the 
color region divider assigns each pixel to one of the plural 
representative color regions that gives a minimum value of 
the composite distance indices. 

13. An apparatus for dividing an image region of a color 
image according to colors, comprising: 

a lookup table that has an arbitrary individual color as 
input and a color number indicating one among plural 
representative colors as output; and 

a color region divider con?gured to obtain a representa 
tive color number for each pixel color in the color 
image With the aid of the lookup table, and to classify 
each pixel in the color image into one of plural repre 
sentative color regions associated With the plural rep 
resentative colors according to the representative color 
numbers, thereby dividing the image region of the color 
image into the plural representative color regions. 

14. A method for inspecting a circuit board, comprising 
the steps of: 

(a) capturing a color image of the circuit board; 

(b) setting a plurality of representative colors; 

(c) calculating plural angle indices for each pixel color in 
the color image, the plural angle indices for a pixel 
color representing angles betWeen an individual color 
vector of the pixel color and representative color vec 
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tors of the plurality of representative color vectors in a 
predetermined color space of at least tWo dimensions; 

(d) calculating plural distance indices for each pixel color 
in the color image, the plural distance indices for a 
pixel color representing distances betWeen the pixel 
color and the plural representative colors in the color 
space; 

(e) calculating plural composite distance indices for each 
pixel color in the color image based on the distance 
indices and the angle indices, the plural composite 
distance indices being associated With the plurality of 
representative colors, respectively; 

(f) classifying pixels in the color image into plural rep 
resentative color regions associated With the plural 
representative colors, according to the composite dis 
tance indices, thereby dividing an image region of the 
color image into the plural representative color regions; 
and 

(g) performing inspection of the circuit board using at 
least one of the divided plural representative color 
regions. 

15. A method in accordance With claim 14, Wherein each 
composite distance index includes a sum of an angle index 
and a corresponding distance index. 

16. A method in accordance With claim 14, Wherein each 
composite distance index includes a product of an angle 
index and a corresponding distance index. 

17. A method in accordance With claim 14, Wherein the 
step includes the step of assigning each pixel to one of the 
plural representative color regions that gives a minimum 
value of the composite distance indices. 

18. A method for inspecting a circuit board, comprising 
the steps of: 

(a) setting a plurality of representative colors; 

(b) calculating plural angle indices for each arbitrary 
individual color in the color space, the angle indices for 
an arbitrary individual color representing angles 
betWeen an individual color vector of the arbitrary 
individual color and representative color vectors of the 
plurality of representative colors in a predetermined 
color space of at least tWo dimensions; 

(c) calculating distance indices for each arbitrary indi 
vidual color in the color space, the distance indices for 
an arbitrary individual color representing distances 
betWeen the arbitrary individual color and the plural 
representative colors in the color space; 

(d) calculating composite distance indices for each arbi 
trary individual color in the color space based on the 
distance indices and the angle indices, the plural com 
posite distance indices being associated With the plu 
rality of representative colors, respectively; 

(e) relating each arbitrary individual color in the color 
space With one of the plural representative colors 
according to the composite distance indices, and pre 
paring a lookup table storing the correspondence 
betWeen each arbitrary individual color and the plural 
representative colors; 

(f) capturing a color image of the circuit board; 
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(g) classifying pixels in the color image into plural 
representative color regions associated With the plural 
representative colors, With the aid of the lookup table, 
thereby dividing an image region of the color image 
into the plural representative color regions; and 

(h) performing inspection of the circuit board using at 
least one of the divided plural representative color 
regions. 

19. A method in accordance With claim 18, Wherein each 
composite distance index includes a sum of an angle index 
and a corresponding distance index. 

20. A method in accordance With claim 18, Wherein each 
composite distance index includes a product of an angle 
index and a corresponding distance index. 

21. A method in accordance With claim 18, Wherein the 
step (e) includes the step of relating each arbitrary individual 
color to one of the plural representative colors that gives a 
minimum value of the composite distance indices. 

22. An apparatus for inspecting a circuit board, compris 
mg: 

a camera unit con?gured to capture a color image of the 
circuit board; 

a representative color setter con?gured to set a plurality of 
representative colors; 

an angle index calculator con?gured to calculate plural 
angle indices for each pixel color in the color image, 
the plural angle indices for a pixel color representing 
angles betWeen an individual color vector of the pixel 
color and representative color vectors of the plurality of 
representative colors in a predetermined color space of 
at least tWo dimensions; 

a distance index calculator con?gured to calculate plural 
distance indices for each pixel color in the color image, 
the plural distance indices for a pixel color representing 
distances betWeen the pixel color and the plural repre 
sentative colors in the color space; 

a composite distance processor con?gured to calculate 
plural composite distance indices for each pixel color in 
the color image based on the distance indices and the 
angle indices, the plural composite distance indices 
being associated With the plurality of representative 
colors, respectively; 
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a color region divider con?gured to classify pixels in the 
color image into plural representative color regions 
associated With the plural representative colors accord 
ing to the composite distance indices, thereby dividing 
an image region of the color image into the plural 
representative color regions; and 

an inspection unit con?gured to perform inspection of the 
circuit board using at least one of the divided plural 
representative color regions. 

23. An apparatus in accordance With claim 22, Wherein 
each composite distance index includes a sum of an angle 
index and a corresponding distance index. 

24. An apparatus in accordance With claim 22, Wherein 
each composite distance index includes a product of an 
angle index and a corresponding distance index. 

25. An apparatus in accordance With claim 22, Wherein 
the color region divider assigns each pixel to one of the 
plural representative color regions that gives a minimum 
value of the composite distance indices. 

26. An apparatus for inspecting a circuit board, compris 
ing: 

a camera unit con?gured to capture a color image of the 
circuit board; 

a lookup table that has an arbitrary individual color as 
input and a color number indicating one among plural 
representative colors as output; and 

a color region divider con?gured to obtain a representa 
tive color number for each pixel color in the color 
image With the aid of the lookup table, and to classify 
each pixel in the color image into one of plural repre 
sentative color regions associated With the plural rep 
resentative colors according to the representative color 
numbers, thereby dividing an image region of the color 
image into the plural representative color regions; and 

an inspection unit con?gured to perform inspection of the 
circuit board using at least one of the divided plural 
representative color regions. 


